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Introduction {#sec005}
============

Echocardiographic assessment of left ventricular hypertrophy (LVH) predicts increased cardiovascular morbidity and mortality\[[@pone.0224104.ref001]--[@pone.0224104.ref003]\]. The increase in cardiovascular risk has shown to be continuously related to the degree of increase in LV mass\[[@pone.0224104.ref001]\], even within "normal range" values\[[@pone.0224104.ref004]\], and independent of hypertension and other risk factors \[[@pone.0224104.ref005]\]. LVH has been shown to be specifically associated with both systolic and diastolic dysfunction \[[@pone.0224104.ref006], [@pone.0224104.ref007]\]. Regression of previously increased LVM has been shown to be associated with a reduction in cardiovascular events and all-cause mortality \[[@pone.0224104.ref008]\]. The majority of studies evaluating the prognostic implications of LVM have utilized linear measurements of wall thickness and LV internal diameter, and subsequently calculated the volume of myocardium based on geometric assumptions of ventricular shape. As such, these calculations are subject to error both due to the assumptions of uniform ventricular shape, and as a result of the mathematical formula which may magnify small errors in measurement by a power of three. Despite these limitations, the robust epidemiologic prognostic data has led to widespread use of the echocardiographic assessment of LVH in clinical practice as a marker of cardiovascular prognosis.

CT and MRI-based measurement of LV mass utilizes edge-detection software to measure the inner and outer boundaries of the LV at different levels, and includes direct measurement of a 3-dimensional data set in the calculations, thus minimizing the geometric assumptions utilized in echocardiographic measurements. MRI based measurement is considered the "gold standard," and has been shown to be highly reproducible \[[@pone.0224104.ref009]\]. Validation of MRI measurement has been performed in-vivo in animal models and ex-vivo in human hearts \[[@pone.0224104.ref010]--[@pone.0224104.ref012]\]. CT based measurement has also been shown to be highly reproducible\[[@pone.0224104.ref013]\], and validated with necropsy with high correlation rates across a wide range of masses in both healthy and pathologically distorted hearts \[[@pone.0224104.ref013], [@pone.0224104.ref014]\].

Cross-sectional and longitudinal studies have found that calculated echocardiographic LV mass increases with advanced age, with up to 43% of otherwise healthy adults above age 70 considered to have LVH\[[@pone.0224104.ref015], [@pone.0224104.ref016]\]. At the same time, autopsy and MRI based studies have shown that the geriatric population has a normal or even decreased LV mass \[[@pone.0224104.ref017]--[@pone.0224104.ref021]\].

This discrepancy may be explained by the change in LV geometry seen in older age patients. Structural remodeling of the left ventricle is part of the normal aging process, even in the absence of disease. With aging, LV length decreases with an increase in wall thickness\[[@pone.0224104.ref017]\], and there is frequently discrete upper septal thickening \[[@pone.0224104.ref022]\] which leads to a decrease in total LV volume. These changes can increase the calculated echocardiographic mass because the septal wall width is increased and the ratio between LV length and short axis diameter is not maintained. This suggests that LV remodeling in older patients leads to overestimation of LV mass as per echocardiographic calculation when compared to CT or MRI based measurement. Thus, the accurate echocardiographic calculation of LV mass may require an adaptation of geometric assumptions as a function of age.

This study compared assessment of LV mass by CT and echocardiographic in patients 65 and older vs. younger patients.

Methods {#sec006}
=======

Ethical approval {#sec007}
----------------

This study was approved by the Helsinki committee of Hadassah University Medical Center (0480-14-HMO) and was performed in accordance with the ethical standards of the institutional research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. The ethics committee waived the requirement for informed consent.

Study design and participants {#sec008}
-----------------------------

The study was a same-subject modality comparison study of patients aged 18 years and older who underwent a cardiac gated-CT scan between January 2010 and December 2013 and underwent transthoracic echocardiography at our institution within 6 months before or after the CT scan. Subjects with poor image quality were excluded from the study.

Demographic data were obtained from the computerized hospital patient management system.

Echocardiographic measurements {#sec009}
------------------------------

Echocardiographic studies were performed on Vivid 7, Vivid 9, Vivid I or Vivid Q systems (GE) or IE33 (Philips). Echocardiographic measurements were performed off-line by a single observer in accordance with ASE/EACI guidelines\[[@pone.0224104.ref001]\] using the EchoPac system (GE Healthcare, Little Chalfont, Buckinghamshire, UK).

Measurements made in the parasternal long axis view included: septal wall thickness (SWTd), inferolateral wall thickness (PWTd), and left ventricular internal dimension (LVID.) Mid septal wall thickness (MSWTd) was measured in the mid ventricle at the level of the papillary muscles. (See [Fig 1](#pone.0224104.g001){ref-type="fig"} for comparison to standard measurement.) Left ventricular outflow tract angulation was measured at the interception of a line drawn through the mid aorta and a mid-ventricular line from the mitral annulus to the apex ([S1 Fig](#pone.0224104.s002){ref-type="supplementary-material"}). Aortoseptal angulation was measured at the interception of a line parallel to the aortic valve and proximal septum with a drawn line parallel to the distal mid septum ([S1 Fig](#pone.0224104.s002){ref-type="supplementary-material"}). Area of the LV cavity (LVA) was measured at the level of the papillary muscles. LV length was measured from the level of the mitral annulus to the apex.

![Echocardiographic parasternal long axis view.\
Echocardiographic parasternal long axis view--proximal (0.96cm) and mid (0.86cm) septal wall measurements.](pone.0224104.g001){#pone.0224104.g001}

Computed measurements included: $$SI = \frac{LV\ length}{radius \times 2}$$ $$Proximal:\mspace{2mu} mid\ septum\ ratio = SWTd/MSWTd$$ $$Relative\ wall\ thickness\ \left( RWT \right) = \frac{SWTd + PWTd}{LVID}$$ $$LV\ volume = 5/6\left( LVA*LV\ length \right)$$

LV mass was calculated using the European Association of Cardiovascular Imaging linear cube formula:\[[@pone.0224104.ref023]\]

CT measurements {#sec010}
---------------

Cardiac CT was performed on the Philips 256 Brilliance Scanner (Andover, MA) using prospective gating volumetric acquisition during diastole. CT measurements were performed in end-diastole on multiplanar reformatted (MPR) image planes corresponding to those typically used in echocardiography\[[@pone.0224104.ref023]\]. One reader performed all measurements. The reader was blinded to the echocardiographic measurements. Measurements included apical length in four chamber view, left ventricular internal diameters (4, 3, 2 chamber views), septal wall thickness, mid septal wall thickness, lateral wall thickness, and posterior wall thickness ([S1 Fig](#pone.0224104.s002){ref-type="supplementary-material"} and [S2 Fig](#pone.0224104.s003){ref-type="supplementary-material"}).

Left ventricular out flow tract angulation was measured at the intersection of a line parallel to the aorta and a line from the mitral annulus to the apex ([S1 Fig](#pone.0224104.s002){ref-type="supplementary-material"}).

Aortoseptal angulation was measured at the intersection between a line parallel to the aorta and a line parallel to the septal wall ([S1 Fig](#pone.0224104.s002){ref-type="supplementary-material"}).

Calculated CT measurements were based on automatic segmentation of heart chambers via edge-tracing algorithms with manual correction when necessary, utilizing the Philips Intellispace Portal Comprehensive Cardiac Package v4.02.51006 (2012) ([Fig 2](#pone.0224104.g002){ref-type="fig"}).

![CT--Determination of internal volume and LV myocardial volume.](pone.0224104.g002){#pone.0224104.g002}

The volume of each heart segment was calculated by counting the overall pixels of the segment. The mass was then calculated by multiplying volume by myocardial density.

Statistical analyses {#sec011}
--------------------

Continuous variables are presented as mean ± standard deviation. Student's t-test was used to compare differences between two groups. Pearson's correlation was used to determine the correlation between measures. Systematic error and the degree of agreement were assessed with Bland Altman's analysis\[[@pone.0224104.ref024]\], and presented graphically using mountain plots (folded empirical cumulative distribution plots).\[[@pone.0224104.ref025]\]. A 2-tailed p value \< 0.05 was considered to indicate statistical significance for all tests. All data were saved in Microsoft Excel 2013 spread sheets and analyzed using MedCalc 12.7.1 64-bit software for Microsoft Windows and IBM, SPSS Statistics for Windows, Version 22.0 (IBM, Armonk, NY).

Results {#sec012}
=======

129 patients were retrospectively identified and included in the study. Patient age ranged from 18 to 90, with a mean age of 59 ±17. 64% of the subjects were men, of whom 35% were 65 and older. 55% of the women were 65 and older. Median number of days between CT and echo studies was 3 with an interquartile range of 34 days.

LV measurements: Echo vs. CT {#sec013}
----------------------------

Comparison of basic LV measurements on echocardiography and CT was notable for an average proximal:mid septal ratio that was on average 11% higher (p = 0.0001) on echocardiography compared to CT. Additionally, average LV length was 8% higher (0.6cm, p\<0.0001) on CT when compared to echo ([Table 1](#pone.0224104.t001){ref-type="table"}). There was no significant difference between LV volumes as calculated by echocardiography and CT.

10.1371/journal.pone.0224104.t001

###### Echocardiographic VS. CT measurements.

![](pone.0224104.t001){#pone.0224104.t001g}

                                  Echo                        CT                          P value
  ------------------------------- --------------------------- --------------------------- ----------
  **SWT mid** ~**cm**~            0.89 (0.86 to 0.92)         0.97 (0.84 to 1.11)         0.20
  **SWT** ~**cm**~                1.02 (0.97 to 1.06)         1.15 (1.11 to 1.12)         0.48
  **RWT**                         0.39 (0.37 to 0.41)         0.39 (0.35 to 0.42)         0.9656
  **PWT** ~**cm**~                0.94 (0.91 to 0.97)         0.92 (0.81 to 1.04)         0.79
  **Sphericity index**            1.73 (1.68 to 1.78)         1.86 (1.81 to 1.91)         0.0004
  **LVID** ~**cm**~               4.84 (4.72 to 4.96)         4.83 (4.67 to 4.99)         0.89
  **LV length** ~**cm**~          8.42 (8.26 to 8.59)         9.06 (8.86 to 9.26)         \<0.0001
  **LVOT°**                       141.15°                     132.58°                     0.119
  **Aorto-septal°**               138.04°                     128.55°                     0.37
  **LV volume** ~**cm**~^**3**^   140.74                      143.48                      0.5538
  **LV mass** ~**g**~             174.46 (165.10 to 183.82)   155.40 (146.23 to 164.58)   0.0043

SWT = Septal wall thickness; RWT = relative wall thickness; PWT = posterior wall thickness; LVID = Left ventricular internal diameter; LVOT° = left ventricular outflow tract angle; Aorto-septal° = aorto septal angle

Average LV mass was found to be 12% higher (174 vs 155g) when calculated using echocardiographic measurements compared to the CT edge-detection based measurement (P = 0.0043).

Aging and LV measurements {#sec014}
-------------------------

A comparison between the older (age 65 years and above) and younger (age less than 65) patient group measurements using echocardiography and CT is presented in [Table 2](#pone.0224104.t002){ref-type="table"}.

10.1371/journal.pone.0224104.t002

###### LV measurements by age groups and correlation with age (ECHO VS CT).

![](pone.0224104.t002){#pone.0224104.t002g}

  ------------------------------------------------------------------------------------------------------------------------
  Echo                     CT                                                                           
  ------------------------ --------- --------- ---------- ------------------ -------- -------- -------- ------------------
  **SWT**~**cm**~          0.92      1.15      \<0.0001   0.46\              1.11     1.21     0.0185   0.28\
                                                          (0.31 to 0.58)                                (0.11 to 0.43)

  **SWT**\                 0.85      0.93      0.0083     0.19\              1.03     0.90     0.2879   -0.10\
  **mid**~**cm**~                                         (0.02 to 0.35)                                (-0.27 to 0.07)

  **PWT**~**cm**~          0.91      0.98      0.0250     0.15\              0.97     0.87     0.3228   -0.07\
                                                          (-0.02 to 0.31)                               (-0.24 to 0.10)

  **LV**\                  8.60      8.17      0.0088     -0.28\             9.30     8.74     0.0052   -0.32\
  **length**~**cm**~                                      (-0.44 to -0.11)                              (-0.47 to -0.16)

  **LVOT°**                142.86°   138.78°   0.0055     -0.34\             132°     133°     0.2835   -0.11\
                                                          (-0.49 to -0.18)                              (-0.28 to 0.06)

  **Aorto**\               143.86°   130.02°   \<0.0001   -0.42\             132°     124°     0.0067   -0.32\
  **Septal°**                                             (-0.56 to -0.27)                              (-0.46 to 0.15)

  **RWT**                  0.37      0.41      0.0186     0.17\              0.40     0.37     0.2982   -0.08\
                                                          (0.01 to 0.34)                                (-0.25 to 0.10)

  **SI**                   1.75      1.70      0.3535     -0.08\             1.89     1.81     0.1013   -0.12\
                                                          (-0.26 to 0.10)                               (-0.29 to 0.05)

  **LVID**~**cm**~         4.92      4.74      0.1613     -0.09\             5.01     4.90     0.45     -0.12\
                                                          (-0.26 to 0.08)                               (-0.29 to 0.05)

  **LVV**~**cm**~^**3**^   144.18    135.93    0.934      -0.1514\           147.16   137.69   0.577    -0.13\
                                                          (-0.33 to 0.03)                               (-0.29 to 0.046)
  ------------------------------------------------------------------------------------------------------------------------

SWT = septal wall thickness; PWT = inferolateral wall thickness; LVOT° = left ventricular outflow tract angle; Aorto-Septal° = aorto-septal angle; RWT = relative wall thickness; SI = sphericity index; LVID = left ventricular internal diameter; LVV = Left ventricular volume

Several significant differences were found on imaging between the older and the younger groups. When comparing the older to the younger group, there was a greater increase in average proximal septal wall thickness measurements on echocardiography (25%:2.3mm) compared to CT (9.5%:1mm). Estimates of average LV length were found to be 5% (echo) and 7% (CT) shorter in the older age group compared to the younger patients. The aortoseptal angulation was decreased in the older age groups compared to the younger group on both echo and CT.

Statistically significant increases were seen on echo when comparing average septal mid wall thickness (0.8mm) and inferolateral wall thickness (0.7mm) between older and younger patients, whereas non-significant decreases on mid septal and inferolateral wall thickness were seen on CT. No differences between age groups in either modality were seen in left ventricular internal diameter, volume or sphericity index.

LV mass by age {#sec015}
--------------

A comparison of calculated LV mass values for the different age groups as derived from echocardiography measurements and CT is presented in [Table 3](#pone.0224104.t003){ref-type="table"}. As mentioned above, average echocardiographic LV mass was significantly higher than CT derived mass. When stratified by age, a significant difference between modalities was found only in the older age group (189 vs. 165g, p\<0.0048). Relative correlation coefficient between ASE and CT derived LV mass was 0.89; correlations by age group are presented in the scatter plot in [Fig 3](#pone.0224104.g003){ref-type="fig"}.

![Correlation between echocardiographic (ASE) and CT derived LV mass by age group.\
Correlation between echocardiographic (ASE) and CT derived LV mass by age group. Brown line is line of equality.](pone.0224104.g003){#pone.0224104.g003}

10.1371/journal.pone.0224104.t003

###### Comparison of LV mass calculation methods.

![](pone.0224104.t003){#pone.0224104.t003g}

  -----------------------------------------------------------------------
  Group (N)           ASE LV mass g\       CT LV mass g\        P value
                      (95% CI)             (95% CI)             
  ------------------- -------------------- -------------------- ---------
  **All (129)**       174.46\              155.40\              0.0043
                      (165.10 to 183.82)   (146.23 to 164.58)   

  **≥65 yrs (55)**    189.49\              156.50\              0.0048
                      (173.17 to 205.80)   (140.35 to 172.64)   

  **\<65 yrs (74)**   163.29\              154.59\              0.2550
                      (152.75 to 173.84)   (143.66 to 165.52)   
  -----------------------------------------------------------------------

Absolute deviation of ASE LV mass from CT derived LV mass (19 ±52g) by age group is presented using Bland-Altman analysis in [Fig 4](#pone.0224104.g004){ref-type="fig"}.

![Bland-Altman plots comparing LV mass measurement on echo and CT.\
Bland-Altman plots comparing LV mass measurement on echo and CT. The upper plot uses proximal septal measurements and the lower plot uses mid-septal measurements. Both plots present sub-groups by age. P values for mean difference from 0 are presented for total and by age group.](pone.0224104.g004){#pone.0224104.g004}

Average ASE LV mass increased with age in women (r = 0.48, 95% CI 0.23 to 0.68, P = 0.0076) as well as men (r = 0.29, 95% CI 0.081 to 0.48, P = 0.0076). When using CT derived LV mass, no such correlation was found (r = -0.008, p = 0.9238) in either gender.

Proximal:mid septal ratio {#sec016}
-------------------------

Increased proximal septal wall thickness in the older age group is seen on both echo and CT, leading to a higher proximal:mid septal wall ratio (1.25 on echo vs 1.07 on CT, p \< 0.0001) which was found to be positively correlated with age (R = 0.42). A negative correlation was found between the proximal:mid septal wall ratio and the LV length per CT (R = -0.306, P = 0.0004); as well as with the aortoseptal angulation (R = -0.40, P\<0.0001). A strong positive correlation was found between the proximal:mid septal wall ratio and the difference between echo and CT derived LV mass (R = 0.70, 0.60 to 0.78, P\<0.0001).

Echo calculation of LV mass: proximal vs. mid-septum {#sec017}
----------------------------------------------------

When using the mid-septal instead of proximal wall width for the ASE formula, the average LV mass was significantly lower for the older age group (165 vs. 189g, P = 0.0318) but remained relatively unchanged for the younger group (163 vs 156g, P = 0.2934). Accordingly, the positive correlation between LV mass and age disappeared when calculations were performed based on the mid-septal wall thickness (r = 0.06963, P = 0.4330). Using the mid-wall thickness also eliminated the significant difference between LV mass on echo and on CT (159.7 vs 155.4 g, P = 0.4985).

Mountain plots for both age groups comparing the differences between CT and echocardiographic LV mass using proximal vs. mid septum measurements are shown in [Fig 5](#pone.0224104.g005){ref-type="fig"}.

![Mountain plots.\
Mountain plots (folded empirical cumulative distribution plots) presenting the percentile for each difference between the echo calculation and the CT calculation. Percentiles above 50 are presented as 100- percentile to achieve the folded plot. The upper plot demonstrates the difference between echo calculations using the proximal and mid septum in younger patients, and the lower plot presents the differences in patients 65 and older.](pone.0224104.g005){#pone.0224104.g005}

Bland-Altman plots startified by age group comparing CT and echocardiographic LV mass measurement using proximal and mid septum are presented in [Fig 4](#pone.0224104.g004){ref-type="fig"}.

A similar correction of LV mass in the older age group was achieved when applying the proximal:mid septal ratio as a correction factor onto mass calculated from the ASE formula.

Discussion {#sec018}
==========

This study demonstrates a discrepancy between echo and CT calculations of LV mass, primarily in patients age 65 and older. Our findings using CT data are similar to those of a large MR based study, which also demonstrated no increase in LV mass with older age \[[@pone.0224104.ref020]\]. In that study, LV mass decreased incrementally by age, with a corresponding increase in mass to volume ratio mediated by a decrease in LV volume. In our study we did not see a statistically significant difference in LV volume, but we were underpowered to do so.

LV mass and age {#sec019}
---------------

When examining other LV measures for their correlation with age, this study found a decrease in LV length, increased thickening of the proximal septum with a lesser degree of thickening of the posterior wall. The LV was found to shorten with prominent thickening of the proximal septum with advancing age. This buckling phenomenon, known as discrete upper septal hypertrophy, also known as a septal bulge, has been well-described in the elderly, and is found in up to 10% of large echocardiographic cohorts.\[[@pone.0224104.ref026], [@pone.0224104.ref027]\] This finding is associated with hypertension and diastolic dysfunction, but not with increased cardiovascular mortality.\[[@pone.0224104.ref028]\] It has been associated with increased LV mass in echocardiographic studies.\[[@pone.0224104.ref029]\] The septal bulge was quantified in this study using the proximal:mid septum ratio and was associated with differences in aortoseptal angulation and correlated with age. These findings were seen on both CT and echocardiography. As in previous echocardiographic studies, relative wall thickness was found to increase with age, a finding not seen in our study on CT.

As the ASE formula assumes a universal prolate ellipse shape of the LV, the formula is unlikely to take into account the septal bulge associated with aging. The original studies used to determine the equations for echo derived LV mass \[[@pone.0224104.ref027], [@pone.0224104.ref030], [@pone.0224104.ref031]\], consisted of relatively small numbers of subjects (34, 52, and 21 subjects), with a wide age range (23 to 82 years) and large variation in LV mass (77 to 625g). Given the observed changes in LV geometry with aging and the discrepancy with CT measured mass on this study, and the discrepancy with studies of cardiac MR, some adjustment to the previously described echocardiographic formula may be warranted in older individuals.

Proximal vs. mid septal measurement {#sec020}
-----------------------------------

When mid rather than proximal septal wall thickness was used in the ASE formula much of the echo-CT discrepancy was eliminated. The change in measurement region was insignificant for the younger age group, since the septum is usually the same width throughout in healthy young hearts, but it did make a difference in the presence of subtle thickening of the proximal septum, or in the presence of a discrete upper septal thickening. Clinical laboratories frequently measure distal to the septal knuckle, though the measurements may be done more proximally than what was performed in this study. As the proximal septal thickening is not necessarily focal but may have a somewhat gradual attenuation, this study suggests that even measurements immediately distal to the septal bulge may lead to overestimation of LV mass. Although mid-ventricular measurement did not specifically adjust for the geometric changes, the estimate of LV mass correlated better with the 3-dimensional assessment performed by CT. This study suggests that mid-septal rather than standard proximal septal measurement may increase the accuracy of echocardiographic assessment of LV mass, as the septal bulge reflects remodeling and compression rather than an increase in overall ventricular mass.

This study\'s findings in no way minimize the well-established predictive power of echo-derived LV mass for cardiovascular prognosis and its positive correlation with age. Discrete upper septal wall thickening has been described as a risk factor even without LVH, though not independent of other risk factors like hypertension\[[@pone.0224104.ref022]\]. The prognostic epidemiological data obtained in large prospective studies of echo-derived LV mass is highly significant. It is possible that echo-derived LVH is a marker of LV remodeling and a reflection of the changes in LV geometry rather than a reflection of an increase in LV mass or relative wall thickness. The cardiac remodeling associated with aging may represent the loss of myocytes \[[@pone.0224104.ref032], [@pone.0224104.ref033]\], and increased fibrosis is found in animal and human autopsy studies \[[@pone.0224104.ref034]\]. Cardiac collagen content has been found to increase by close to 50% between the third and seventh decades of life \[[@pone.0224104.ref035]\]. Alternately, geometric changes of the aorta associated with decreased vascular distensibility may lead to conformational changes in the heart \[[@pone.0224104.ref036]\].

With further exploration of LV remodeling with echo and other imaging studies, it may be possible to derive other more accurate descriptors of LV remodeling that improve the prognostic capabilities of what is now described as echo-derived LV mass.

Our study does have several limitations. MRI is considered the gold standard for measurements of LV mass \[[@pone.0224104.ref010], [@pone.0224104.ref011]\]. CT was chosen for this study because of increased availability at our institution. It is less commonly used for the assessment of LV mass, but has been validated \[[@pone.0224104.ref013], [@pone.0224104.ref014]\], and does not rely on the geometric assumptions inherent in echocardiographic assessments. The study is also limited by small numbers and is underpowered to detect any sex-related findings.

The initial inclusion criteria were patients with a cardiac CT on record; this population may not reflect the overall general population. Patients with technically difficult echocardiographic studies were excluded from the study, which may lead to other biases in findings. Due to incomplete height and weight data, LV mass was not indexed to body size. However as both CT and echo measurements were performed on the same population of subjects, this should not bias the results. The 2D echocardiographic measurements chosen for the study were the measurements of the septum and inferolateral wall, which are obtained for the calculation of LV mass as per the ASE and the European Association of Cardiovascular Imaging. Further analyses using additional LV measurements may provide further insight.

In this study comparing echo and cardiac CT, measurement of mid-septal wall thickness instead of proximal septal thickness significantly improved the correlation in calculations of LV mass in the elderly. This finding or alternative adjustments that correct for the 5--7% decrease in LV length should be evaluated in larger scale studies. This will also allow for appropriate gender analyses, as there are differences in remodeling between women and men. The ratio between the proximal and mid-septal wall thickness, and aortoseptal angulation may provide alternate methods of correcting LV mass.

Based on this study's findings, further understanding of age-related cardiovascular remodeling and how it is reflected on the various imaging modalities, will bring a deeper understanding of its prognostic implications.

In conclusion, the calculated echocardiographic LV mass remains one of the most powerful predictors of cardiovascular prognosis but may not accurately reflect actual myocardial mass. Echocardiographic LV mass is likely to overestimate LV mass, particularly in older patients, likely due to LV remodeling with aging. Simple adjustments to the calculation may improve the correlation. Analysis of echo, CT and MR changes with aging may help clarify the patterns of remodeling and elucidate predictors of prognosis.

Supporting information {#sec021}
======================

###### Echo and CT dataset.

This is the dataset of measurements taken from echo and CT stratified by age and gender.

(XLS)

###### 

Click here for additional data file.

###### Angulation measures on echo and CT.

A. Echo Parasternal long axis view: Left ventricular outflow tract angulation (133.5) and aortoseptal angulation (127.1). B. CT three chamber view--left ventricular internal dimension (green), left ventricular outflow tract angle (blue), aortoseptal angle (red)

(TIF)

###### 

Click here for additional data file.

###### CT measurement of LV mass.

CT four chamber view--left ventricular internal dimension (green), septal wall thickness (blue), posterior wall thickness (yellow), LV length (red)

(TIF)

###### 

Click here for additional data file.

CT

:   computerized tomography

LV

:   left ventricle

LVID

:   left ventricular internal diameter

LVM

:   left ventricular mass

LVOT

:   left ventricular outflow tract

MSWTd

:   mid-septal wall thickness

PWTd

:   inferolateral wall thickness

RWT

:   relative wall thickness

SWTd

:   septal wall thickness

LVV

:   left ventricular volume
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The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: No

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

2\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: No

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: The main findings of this study is to correlate measurement of LV mass made by CT with traditional measurement made with echocardiography. Authors demonstrated that there is a good correlation with the 2 way of measurement but in elderly the echo systematically overestimate LV mass.

The main problem with the study is related to the methodological and related to the wrong way of measurement of LV septal wall thickness. As they report in figure 1 they both use proximal and and mid septum measurements and when using mid septum measurement much of the echo-CT discrepancy is eliminated. But this is just because using the proximal measurement in old patients with septal bulge is just uncorrected and the main finding is justified by the high prevalence of septal bulge in old patients. This is a main issue to be solved.

Minor Issue:

\- the characteristics of the study population is not described. Are all patients hypertensive? what was the reason of the CT scan? what was the prevalence of hypertension or aortic valve disease in the two groups? Have you excluded patients with severe aortic stenosis?

\- in the results section, please report the median and IQR of the time between CT and Echo. It seems that in some patients the echo and CT have been within more than 3 months

-in the discuss section there is a long paragraph related to the fibrosis and increase cardiac collagen content. this is not pertinent to the this study.

Reference: Please update

Reviewer \#2: In the article entitled \"Echocardiography Overestimates LV Mass in the Elderly as Compared to Cardiac CT\" the authors present the results of a cohort of 129 patients which had undergone both echocardiography and cardiac CT as part of their clinical workup. Analysis consisted of comparing LV geometric measurement between modalities in two cohorts of patients: younger than 65 yo and older. The main conclusion of this work is that LV mass correlates well between modalities, but agreement is better in young populations than in the older population. The authors convincingly argue that overestimation of echo-derived LV mass in the elderly is due to inaccurate assumptions of LV remodeling with age and briefly propose alternative methods to increase agreement between modalities.

The article is well written and easy to follow. Study design, data analysis and statistical analysis are all appropriate. Nevertheless several important improvements should be made to the manuscript to help with readability and completeness:

1\) In general the tables should be reformatted to avoid character spillover between lines.

2\) Figures 3, 4 and 5, need to be reworked to make them more legible (larger font size), include measurement units on axis titles, and appropriate number of decimal places (Figure 3 in particular)

3\) Throughout the document measurement units are absent in several places (e.g. LV mass in g) or erroneous (e.g. Table 1 RWT is unit-less, not cm)

4\) Table 2 - should include LV mass data as this is the main metric discussed in the study.

5\) There is mention of LV volumes briefly in the Discussion section, but these data are not shown. Consider adding the data to the tables and analysis if available or explaining its absence in more detail.

6\) Readers may be interested in having measures LV mass correlation between modalities (for each cohort separately and combined). In addition, the linear regression function may be of interest as a method to calibrate between the two modalities. These data should be easily derived from the analysis in Figure 3.

7\) On the Bland-Altman plots - please add the p-value for mean difference (bias) different from 0? These are presented in the text and should correspond.

8\) The text refers to Figure 4 as an appendix - I believe this is a typo.

9\) Some readers may benefit of an explanation of why you analyzed only the septum and posterior wall thicknesses (i.e. why are other walls excluded).

10\) The discussion mentions several adjustments to echo LV mass measurements to improve agreement with CT and CMR, but falls short of making firm recommendations. Should echo LV mass be calibrated with an age adjusted function? should mid septum measurements be used? Or perhaps this data is too preliminary to make a firm recommendation?

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.

10.1371/journal.pone.0224104.r002

Author response to Decision Letter 0

11 Aug 2019

11 August 2019

Joerg Heber

Editor-in-Chief, PLOS ONE -- Public Library of Science

Dear Prof. Heber:

We very much appreciate the opportunity to revise and resubmit our paper

"Echocardiography Overestimates LV Mass in the Elderly as Compared to Cardiac CT"

PONE-D-19-15733

to PLOS ONE. We have addressed the concerns of the academic editor and reviewers, as described below.

Academic Editor:

1\. When submitting your revision, we need you to address these additional requirements.

Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming.

Authors' response: We have edited the manuscript to meet PLOS ONE's style requirements.

2\. In ethics statement in the manuscript and in the online submission form, please provide additional information about the patient records used in your retrospective study. Specifically, please ensure that you have discussed whether all data were fully anonymized before you accessed them and/or whether the IRB or ethics committee waived the requirement for informed consent. If patients provided informed written consent to have data from their medical records used in research, please include this information.

Authors' response: We have added the IRB ethics committee number and added the statement:

"The ethics committee waived the requirement for informed consent."

Response to Reviewers

Reviewer \#1:

The main findings of this study is to correlate measurement of LV mass made by CT with traditional measurement made with echocardiography. Authors demonstrated that there is a good correlation with the 2 way of measurement but in elderly the echo systematically overestimate LV mass.

The main problem with the study is related to the methodological and related to the wrong way of measurement of LV septal wall thickness. As they report in figure 1 they both use proximal and and mid septum measurements and when using mid septum measurement much of the echo-CT discrepancy is eliminated. But this is just because using the proximal measurement in old patients with septal bulge is just uncorrected and the main finding is justified by the high prevalence of septal bulge in old patients. This is a main issue to be solved.

Authors' response: The authors agree with the reviewers that measurements performed according to present guidelines necessitate the inclusion of the septal bulge which leads to overestimation of LV mass. This study seeks to address precisely the concern raised by the reviewer.

Minor Issues:

\- the characteristics of the study population is not described. Are all patients hypertensive? what was the reason of the CT scan? what was the prevalence of hypertension or aortic valve disease in the two groups? Have you excluded patients with severe aortic stenosis?

Authors' response: As this was a retrospective study, the indications for imaging were not available to the investigators. Patients with severe aortic stenosis were included. The investigators believe that this broadens the spectrum of ventricular hypertrophy seen in the study, making the findings more robust and reflecting clinically relevant situations where estimation of LV mass is of importance.

\- in the results section, please report the median and IQR of the time between CT and Echo. It seems that in some patients the echo and CT have been within more than 3 months

Authors' response: The authors appreciate this concern. The manuscript was updated with the correct information in the first paragraph of the results section. The sentence in the results section now reads:

" Mean number of days between CT and echo studies was 3 with IQR of 34 days. "

-in the discussion section there is a long paragraph related to the fibrosis and increase cardiac collagen content. this is not pertinent to the this study.

Authors' response:The authors respect the reviewers comment. The two sentences discussing fibrosis, and myocardial stiffness were removed from the manuscript.

Reviewer \#2:

1\) In general the tables should be reformatted to avoid character spillover between lines.

Authors' response: The tables have been updated so as to avoid character spillover between lines.

2\) Figures 3, 4 and 5, need to be reworked to make them more legible (larger font size), include measurement units on axis titles, and appropriate number of decimal places (Figure 3 in particular)

Authors' response: Figures 3,4, and 5 have been reworked with larger font sizes, measurement units and decimal places, as suggested by the reviewer.

3\) Throughout the document measurement units are absent in several places (e.g. LV mass in g) or erroneous (e.g. Table 1 RWT is unit-less, not cm)

Authors' response: The authors appreciate the reviewer's comment and have placed the measurement units in the appropriate places in the document.

4\) Table 2 - should include LV mass data as this is the main metric discussed in the study.

Authors' response: The authors agree that the LV mass data is the main metric in the document. We have, however, placed this data in Table 3, as it permits a clearer and more informative presentation of the core findings of the study.

5\) There is mention of LV volumes briefly in the Discussion section, but these data are not shown. Consider adding the data to the tables and analysis if available or explaining its absence in more detail.

Author's response: The authors appreciate this comment as it is an important point. The data have been added to the table, and comments have been added in the results section. The addition reads:

"There was no significant difference between LV volumes as calculated by echocardiography and CT."

and

"No differences between age groups in either modality were seen in left ventricular internal diameter, volume or sphericity index."

6\) Readers may be interested in having measures LV mass correlation between modalities (for each cohort separately and combined). In addition, the linear regression function may be of interest as a method to calibrate between the two modalities. These data should be easily derived from the analysis in Figure 3.

Authors' response: This comment is well taken. We have incorporated the reviewer's comment into the results section and Figure 3 which now reads:

"Relative correlation coefficient between ASE and CT derived LV mass was 0.89; correlations by age group are presented in the scatter plot in figure 3. "

7\) On the Bland-Altman plots - please add the p-value for mean difference (bias) different from 0? These are presented in the text and should correspond.

Authors' response: As the reviewer suggested ,this was incorporated into Figure 4.

8\) The text refers to Figure 4 as an appendix - I believe this is a typo.

Authors' response; This was a typo and has been corrected.

9\) Some readers may benefit of an explanation of why you analyzed only the septum and posterior wall thicknesses (i.e. why are other walls excluded).

Authors' response: The authors chose to use the measurements that are standardly obtained in echocardiography laboratories and are required for calculation of LV mass according to ASE and European Association of Cardiovascular Imaging. . We added this valid point to the study limitations.

10\) The discussion mentions several adjustments to echo LV mass measurements to improve agreement with CT and CMR, but falls short of making firm recommendations. Should echo LV mass be calibrated with an age adjusted function? should mid septum measurements be used? Or perhaps this data is too preliminary to make a firm recommendation?

Authors' response. The authors appreciate the reviewer's acceptance of our findings. We believe that a larger follow up studies is needed to confirm these findings before making a firm recommendation for updating the guidelines to use mid-septal measurements.

We appreciate the interest that you and the reviewers have taken in this manuscript.

###### 

Submitted filename: response to reviewers.docx

###### 

Click here for additional data file.

10.1371/journal.pone.0224104.r003
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© 2019 Giacomo Pucci
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Giacomo Pucci

This is an open access article distributed under the terms of the

Creative Commons Attribution License

, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

13 Sep 2019

PONE-D-19-15733R1

Echocardiography Overestimates LV Mass in the Elderly as Compared to Cardiac CT

PLOS ONE

Dear Dr. Zwas,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process

We would appreciate receiving your revised manuscript by Oct 28 2019 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Giacomo Pucci

Academic Editor

PLOS ONE

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: (No Response)

Reviewer \#2: All comments have been addressed

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: The comments have been correctly answered by the Authors, but the discuss section needs to be better focused on the main concern raised by the reviewer. IF the main point is to address the issue of incorrect measurement of LV mass in older people with septal bulge, this should be better underlined.

Regarding the days between the ECHO and CT, please report median and not mean.

Reviewer \#2: The authors have generally addressed this reviewers' comments, however few corrections are still required:

1\) Page 9 - reference \"{Lang, 2015 \#34}\" should be corrected.

2\) Page 9 - after \"(folded empirical cumulative distribution plots\" a bracket is missing.

3\) Page 10 - comma missing after \"IBM\".

4\) Page 10 - Results - mean number of days between CT and echo was previously reported as 19 and now as 3. What is the reason for this change? Is there a typo and mean should be median???

5\) Figure 3 caption - the line of identity is descried as black but, on my screen, appears blue (might be low quality rendering). Please ensure consistency.

6\) Figure 4 caption - refers to multiple Bland-Altman plots, but only 1 was included in this revision (original submission had 2).

7\) Page 19 there is an erroneous line break before references \[29, 30\].

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: Yes: Costantino Mancusi

Reviewer \#2: Yes: Ran Klein PhD, University of Ottawa

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.

10.1371/journal.pone.0224104.r004

Author response to Decision Letter 1

24 Sep 2019

Dear Prof. Heber:

We very much appreciate the opportunity to revise and resubmit our paper

"Echocardiography Overestimates LV Mass in the Elderly as Compared to Cardiac CT"

PONE-D-19-15733

to PLOS ONE. We have addressed the concerns of the reviewers, as described below.

Reviewer \#1: The comments have been correctly answered by the Authors, but the discuss section needs to be better focused on the main concern raised by the reviewer. IF the main point is to address the issue of incorrect measurement of LV mass in older people with septal bulge, this should be better underlined.

Authors response: Two sections have been added to the discussion section to address the concern of the reviewer.

The first on page 17 now reads:

"This buckling phenomenon, known as discrete upper septal hypertrophy, also known as a septal bulge, has been well-described in the elderly, and is found in up to 10% of large echocardiographic cohorts.(26, 27) This finding is associated with hypertension and diastolic dysfunction, but not with increased cardiovascular mortality.(28) It has been associated with increased LV mass in echocardiographic studies.(29)"

The second on page 18 now reads:

"As the proximal septal thickening is not necessarily focal but may have a somewhat gradual attenuation, this study suggests that even measurements immediately distal to the septal bulge may lead to overestimation of LV mass. Although mid-ventricular measurement did not specifically adjust for the geometric changes, the estimate of LV mass correlated better with the 3-dimensional assessment performed by CT. This study suggests that mid-septal rather than standard proximal septal measurement may increase the accuracy of echocardiographic assessment of LV mass, as the septal bulge reflects remodeling and compression rather than an increase in overall ventricular mass. "

Regarding the days between the ECHO and CT, please report median and not mean.

Authors response: The manuscript now reports the median and not the mean.

Reviewer \#2: The authors have generally addressed this reviewers' comments,

however few corrections are still required:

1\) Page 9 - reference \"{Lang, 2015 \#34}\" should be corrected.

Corrected in manuscript.

2\) Page 9 - after \"(folded empirical cumulative distribution plots\" a bracket is missing.

Corrected in manuscript.

3\) Page 10 - comma missing after \"IBM\".

Corrected in manuscript.

4\) Page 10 - Results - mean number of days between CT and echo was previously reported as 19 and now as 3. What is the reason for this change? Is there a typo and mean should be median???

As pointed out by the reviewer, it should be median. Corrected in manuscript.

5\) Figure 3 caption - the line of identity is descried as black but, on my screen, appears blue (might be low quality rendering). Please ensure consistency.

Corrected in manuscript.

6\) Figure 4 caption - refers to multiple Bland-Altman plots, but only 1 was included in this revision (original submission had 2).

The second Bland-Altman was by mistake not uploaded in the initial revision, and will be uploaded now.

7\) Page 19 there is an erroneous line break before references \[29, 30\].

Corrected in manuscript.

Thanks very much.

10.1371/journal.pone.0224104.r005
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7 Oct 2019

Echocardiography Overestimates LV Mass in the Elderly as Compared to Cardiac CT

PONE-D-19-15733R2

Dear Dr. Zwas,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.

Shortly after the formal acceptance letter is sent, an invoice for payment will follow. To ensure an efficient production and billing process, please log into Editorial Manager at <https://www.editorialmanager.com/pone/>, click the \"Update My Information\" link at the top of the page, and update your user information. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, you must inform our press team as soon as possible and no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

With kind regards,

Giacomo Pucci

Academic Editor

PLOS ONE

Additional Editor Comments (optional):

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: All comments have been addressed

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: (No Response)

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: (No Response)

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: Yes: Costantino Mancusi

10.1371/journal.pone.0224104.r006
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17 Oct 2019

PONE-D-19-15733R2

Echocardiography Overestimates LV Mass in the Elderly as Compared to Cardiac CT

Dear Dr. Zwas:

I am pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please notify them about your upcoming paper at this point, to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

For any other questions or concerns, please email <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE.

With kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Dr. Giacomo Pucci

Academic Editor

PLOS ONE
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